Introduction {#Sec1}
============

Although few patients require a prolonged length of stay (PLS) in an intensive care unit (ICU), these patients account for considerable numbers of ICU bed days (Pollack et al. [@CR17]; Namachivayam et al. [@CR15]; Marcin et al. [@CR11]). In pediatric ICU (PICU) settings, PLS is considered a critical issue because the affected children face higher risks of comorbidities and mortality and a poor quality of life while consuming substantial patient care and financial resources (Pollack et al. [@CR17]; Namachivayam et al. [@CR15]; Marcin et al. [@CR11]; Gonzalez-Cortes et al. [@CR7]). Therefore, it is imperative to balance the needs of patients in this population with available resources to optimize the efficiency and quality of critical care. In the literature, the reported prevalence of long-stay patients varies because of differences in the lengths of stay (LOSs), which may differ because of variations in factors such as illness severity, diagnostic diversity, and institutional practices (Straney et al. [@CR23]; Ruttimann et al. [@CR20]; Ruttimann and Pollack [@CR21]). Additionally, these patients tend to receive complicated long-term care in the ICU (Namachivayam et al. [@CR15]).

Evidence increasingly suggests that LOS can be reduced by the implementation of quality improvement programs such as fast-track care, weaning protocols for ventilated patients, early rehabilitation, nighttime extubation, and ICU specialization (Vricella et al. [@CR25]; Reismann et al. [@CR18]; Yamasaki et al. [@CR26]; Tischenkel et al. [@CR24]; da Silva et al. [@CR4]; Ruttimann et al. [@CR20]; Johnson et al. [@CR8]; Dreyfus et al. [@CR5]; Riker et al. [@CR19]; McWilliams et al. [@CR12]; Balas et al. [@CR1]). However, the rates of PICU utilization and resource consumption among long-stay patients have not been characterized recently, and research is needed to describe the current statuses and effects of patients with a PLS. Previous studies have reported that predictors of a PLS include younger age, chronic illness, and emergent admission (Pollack et al. [@CR17]; Straney et al. [@CR23]; Marcin et al. [@CR11]; Ruttimann and Pollack [@CR21]). Nevertheless, many factors remain controversial, including the admission source, admission category (cardiac versus non-cardiac), and severity of the condition (Marcin et al. [@CR11]; Ruttimann and Pollack [@CR21]). Additionally, although previous long-term follow-up studies have reported a poor quality of life and increased mortality among long-stay patients (Pollack, et al. [@CR17]; Namachivayam et al. [@CR15]; Marcin et al. [@CR11]), few have addressed whether long-stay patients face an increased risk of infectious complications during a PICU stay (Gonzalez-Cortes et al. [@CR7]).

To address the limitations of previous research, we conducted this study to describe the prevalence, characteristics, resource consumption, and infectious complications of children with a PLS who were admitted to a combined medical-surgical multidisciplinary-care PICU at a tertiary center following the implementation of fast-track care.

Methods {#Sec2}
=======

Study patients {#Sec3}
--------------

This study included all patients aged ≤18 years who were admitted to the PICU at Saitama Children's Medical Center in Japan from January 1, 2017, to December 31, 2017. Only the first admission for each patient during the study period was considered eligible for data analysis.

Setting {#Sec4}
-------

This PICU is a 34-bed combined medical-surgical, multidisciplinary-care tertiary care unit that serves children living in Saitama Prefecture, which has a pediatric population of 1.2 million. Each year, this PICU accommodates approximately 1600 admissions with diverse diagnoses and provides intensive care via a multi-disciplinary team. During the study period, discharge from the PICU was discussed during daily morning rounds, and final decisions were made by the attending intensivists. Indications for PICU admission included airway obstruction, acute respiratory failure potentially requiring respiratory support \[e.g., humidified high-flow nasal cannula, non-invasive positive pressure ventilation, and mechanical ventilation (MV)\], cardiovascular dysfunction, a deteriorated level of consciousness, and a requirement for heavy nursing care and meticulous monitoring. PICU patients were transferred to wards or other hospitals when relevant indications were addressed. The operation room (OR) was the most common origin of admission. Extubation in the OR was considered a standard practice unless the patient was at risk of extubation failure.

Data collection and variable definitions {#Sec5}
----------------------------------------

The LOS in the PICU was recorded in hours and converted to days. We defined a PLS as an LOS of ≥ 28 days and accordingly stratified patients into PLS (≥ 28 days) and non-PLS (≤ 27 days) groups to ensure that our data were compatible with those of previous studies (Naghib et al. [@CR14]; Gonzalez-Cortes et al. [@CR7]; Namachivayam et al. [@CR15]). As the definition of PLS varies from 3 to 30 days in the literature (Marcin et al. [@CR11]; Ruttimann and Pollack [@CR21]; Pollack et al. [@CR17]; Mahesh et al. [@CR10]), we also conducted descriptive analyses using binned groups stratified by different PICU LOS as follows: \< 3, 3--6, 7--13, 14--27, and ≥ 28 days.

Factors that might influence LOS were identified from the literature a priori. For this study, the following variables were collected via chart reviews: age at admission, sex, LOS in the PICU, primary reason for admission, origin of admission, comorbidities, condition at admission, Pediatric Risk of Mortality-2 (PIM-2) score (Shann et al. [@CR22]), devices and treatments used, complications, and ICU mortality. Patients were divided into eight categories according to the primary reason for admission, namely respiratory dysfunction, cardiovascular dysfunction, neurologic problem, post-cardiopulmonary arrest, trauma, other medical condition, post-surgical cardiac patient, and post-surgical non-cardiac patient.

Comorbidities were classified into 11 major categories using the International Classification of Diseases, Tenth Revision, Clinical Modification. Up to two categories were recorded per patient, including diseases of the circulatory system, diseases of the respiratory system, diseases of the digestive system, diseases of the genitourinary system, diseases of the nervous system, hematology/immunodeficiency, neoplasms, endocrine/nutritional/metabolic disease, mental/behavior/neurodevelopmental disorders, congenital malformation or chromosomal abnormalities, and others (Namachivayam et al. [@CR15]). The device variables included an arterial line, central venous line, and Foley catheter. Treatment-related variables included MV, vasoactive agent, renal replacement therapy (RRT), and extracorporeal membrane oxygenation (ECMO). Other conditions included chromosomal abnormality, pediatric cerebral performance category (PCPC) at ICU admission, emergent admission, use of MV within the first hour of admission, and dependency on total parenteral nutrition (TPN)/tube feeding/chronic respiratory support. Recorded complications and surgical interventions included ventilator-associated pneumonia (VAP), catheter-related bloodstream infection (CRBSI), catheter-acquired urinary tract infection (CAUTI), cardiopulmonary arrest during the ICU stay, and need for a tracheostomy or gastrostomy. Infectious complications were recorded if clinically diagnosed and treated with antibiotics for a scheduled duration.

Statistical analysis {#Sec6}
--------------------

Subject data were censored at the time of PICU discharge or 180 days after the date of PICU admission. The proportions of long-stay patients and PICU bed days were calculated, and factors associated with a PLS were determined through univariate analyses. The chi-square test or Fisher's exact test was applied to categorical variables, while the Mann-Whitney U test was used for continuous variables. Patients aged \> 16 years were excluded from the analysis of PIM-2. To analyze time-varying variables such as infectious complications, survival outcomes were compared with respect to PLS versus non-PLS among patients using devices that carry a risk of nosocomial infection (e.g., central venous line, Foley catheter, endotracheal tube) using a log-rank test. Two-tailed *P* values \< 0.05 were considered statistically significant. STATA 14 software (StataCorp LLC, College Station, TX, USA) was used for all statistical analyses.

Results {#Sec7}
=======

During the study period, 1618 episodes of admission and 7562 bed days were recorded for 1309 patients. After excluding 309 non-first admissions during the study period, 1309 admissions were finally included in the analysis. Among these cases, 44.1% of patients were female, 26.1% were younger than 1 year old, and 48.1% had at least one comorbidity. Medical and surgical admissions accounted for 56.8% and 43.2% of cases, respectively. The primary organ dysfunction was respiratory, cardiovascular, and neurologic in 11.4%, 3.3%, and 13.4% of cases, respectively, with 1.1% of patients being admitted post-cardiopulmonary arrest. Postoperative admission was the most common origin (45.5%), followed by admission via the emergency room (29.4%) and transfers from other hospitals (22.8%) and wards (2.2%). The ICU mortality rate was 1.3% (Table [1](#Tab1){ref-type="table"}).Table 1Comparison of demographics and characteristics between PLS and non-PLS groupsVariableAll *n* = 1309PLS *n* = 32Non-PLS *n* = 1277Odds ratio \[95% CI\]*P* valueAge   Neonate^a^101 (7%)9 (28%)92 (7%)7.8 \[2.5--25.4\]\< 0.001Infant240 (18%)11 (34%)229 (18%)2.9 \[1.0--9.0\]0.041--6 years558 (43%)5 (16%)553 (43%)0.5 \[0.1--2.0\]0.38\> 6 years410 (31%)7 (22%)403 (32%)Reference--Female577 (44%)10 (31%)567 (44%)0.6 \[0.2--1.2\]0.15Primary reason for admissionRespiratory149 (11%)7 (21%)142 (11%)7.3 \[1.6--44.2\]0.003Cardiovascular43 (6%)6 (19%)37 (3%)24.1 \[4.8--152.1\]\< 0.001Neurologic176 (13%)4 (13%)172 (13%)3.4 \[0.6--23.7\]0.10PCAS15 (1%)2 (6%)13 (1%)22.8 \[1.7--211.9\]0.01Trauma54 (4%)2 (6%)52 (4%)5.7 \[0.5--50.7\]0.09Other307 (23%)2 (6%)305 (24%)0.97 \[0.1--8.5\]1.00Surgical cardiac117 (9%)6 (19%)111 (7%)8.0 \[1.7--50.1\]0.003Surgical non-cardiac448 (34%)3 (9%)445 (35%)Reference--Origin of admissionEmergency room385 (29%)3 (9%)382 (30%)0.5 \[0.1--2.1\]0.38Transfer299 (23%)18 (56%)281 (22%)4.2 \[1.8--10.7\]0.001Ward29 (2%)2 (6%)27 (2%)4.8 \[0.5--24.9\]0.09Operation room596 (46%)9 (28%)587 (46%)Reference--Patient characteristicChromosomal abnormality102 (8%)5 (16%)97 (8%)2.3 \[0.7--6.1\]0.10Baseline PCPC ≥ 2300 (23%)14 (44%)286 (22%)2.7 \[1.2--5.8\]0.01Comorbidities ≥ 2^b^233 (18%)11 (34%)222 (17%)2.8 \[1.1--6.9\]0.03Comorbidity^c^397 (30%)9 (28%)388 (30%)1.3 \[0.5--3.4\]0.65No comorbidities679 (52%)12 (38%)667 (52%)Reference--Tube feeding^d^113 (9%)8 (25%)105 (8%)3.7 \[1.4--8.8\]0.004TPN^e^6 (0.5%)06 (0.5%)--1.00Chronic ventilation^f^39 (3%)2 (6%)37 (3%)2.2 \[0.2--9.4\]0.25Emergent admission746 (57%)24 (75%)722 (57%)2.3 \[1.0--6.0\]0.046MV within 1 h247 (19%)26 (81%)221 (17%)20.7 \[8.2--62.0\]\< 0.001PIM-22.2 (9.2)7.3 (13%)2.0 (9%)--\< 0.001PLS, prolonged length of stay; *n*, number; CI, confidence interval; *P* value, probability of finding; PCAS, post-cardiopulmonary arrest; PCPC, pediatric cerebral performance category; TPN, total parenteral nutrition; MV, mechanical ventilation; PIM, pediatric index of mortalityValues provided as numbers (percentages) for categorical variables and as means (standard deviations) for continuous variablesOdds ratios provided with 95% confidence intervals^a^Patients admitted at ≤ 30 days of age^b^Patients with more than two comorbidities^c^Patients with one comorbidity^d,\ e,\ f^Chronic dependency on tube feeding, total parenteral nutrition, or respiratory support

The median LOS for overall admissions was 1.6 days \[interquartile range (IQR): 0.9--3.8 days\], with a mean LOS of 4.5 days. Among patients with a PLS, the median LOS was 44.1 days (IQR: 35.9--76.8 days). The median LOS of patients with a non-PLS was 1.5 days (IQR: 0.9--3.6 days). After stratification, 908 (69.4%), 232 (17.7%), 92 (7.0%), 45 (3.4%), and 32 (2.4%) patients had an LOS of \< 3, 3--6, 7--13, 14--27, or ≥ 28 days, respectively. Of the last group (≥ 28 days), 2.4% of patients accounted for 33.0% of overall ICU bed days. Additionally, the combined 5.9% of patients with an LOS ≥ 28 or 14--27 days accounted for 47% of bed days. By contrast, patients with an LOS of \< 3 and 3--6 days accounted for only 19.3% and 17.9% of ICU bed days, respectively (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Pediatric intensive care unit (PICU) utilization by percentage of admissions (left) bed days (right). Note that 2.4% of patients with a length of stay (LOS) ≥ 28 days accounted for 33.0% of the overall ICU bed days. The combined 5.9% of patients with an LOS ≥ 28 or 14--27 days accounted for 47% of bed days, whereas the 69.4% of patients with an LOS of \< 3 days and 17.7% of patients with an LOS of 3--6 days accounted for 19.3% and 17.9% of ICU bed days, respectively.

The results of univariate analysis by category are presented in Table [1](#Tab1){ref-type="table"}. Neonates (≤ 30 days old) and infants were significantly more likely than school-aged children to have a PLS (*P* \< 0.001 and 0.04, respectively). Additionally, patients admitted for respiratory dysfunction, cardiovascular dysfunction, post-cardiopulmonary arrest, and post-cardiac surgery had a significantly higher risk of PLS relative to those admitted post non-cardiac surgery (*P* = 0.003, \< 0.001, 0.01, and 0.003, respectively), and those transferred from other hospitals had a higher likelihood of PLS relative to postoperative patients (Table [1](#Tab1){ref-type="table"}). These findings were compatible with the trends observed in descriptive analyses stratified by the five LOS groups (Figs. [4](#Fig4){ref-type="fig"}, [5](#Fig5){ref-type="fig"}, [6](#Fig6){ref-type="fig"}).

Univariate analysis also revealed several variables associated with PLS, including a PCPC ≥ 2 (*P* = 0.01), multiple baseline comorbidities (*P* = 0.03), dependency on tube feeding (*P* = 0.004), emergent admission (*P* = 0.046), and MV within the first hour of admission (*P* \< 0.001). By contrast, a PLS was not significantly associated with chromosomal abnormality, dependency on TPN, or chronic respiratory support (Table [1](#Tab1){ref-type="table"}). Among patients aged \< 16 years, PIM-2-predicted mortality was associated with a PLS (*P* = 0.03), and descriptive analysis revealed a trend toward a positive association between a PIM-2 of 0--6% with LOS. Notably, this trend inverted when PIM-2 exceeded 6% (Fig. [3](#Fig3){ref-type="fig"}).

Additional analyses of device utilization found that therapeutic resources were more commonly used and surgical interventions applied to patients with a PLS (Table [2](#Tab2){ref-type="table"}). The descriptive analysis of patients stratified by LOS found that the frequency of use of resources such as an arterial line, central venous line, Foley catheter, vasoactive drug, and MV increased with increasing LOS. Additionally, RRT, ECMO, tracheostomy, and gastrostomy were predominantly applied to patients with a PLS (Fig. [2](#Fig2){ref-type="fig"}). Finally, complications such as VAP and CAUTI were more frequently observed among patients with a PLS (log-rank *P* = 0.005 and 0.048, respectively). By contrast, no significant differences in CRBSI (*P* = 0.33) and CPR in the ICU (*P* = 0.52) were observed between patients in the PLS and non-PLS groups.Table 2Comparison of resource consumption and complications between PLS and non-PLS groupsVariableAll\
n = 1309PLS\
n = 32Non-PLS\
n = 1277*P* valueDevice   Arterial line309 (24%)26 (81%)283 (22%)\< 0.001   CV line194 (15%)21 (66%)173 (14%)\< 0.001   Foley catheter486 (37%)28 (88%)458 (36%)\< 0.001Therapeutic resource   MV260 (20%)26 (81%)234 (18%)\< 0.001   Vasoactive drug151 (12%)21 (66%)130 (10%)\< 0.001   RRT17 (1%)7 (22%)10 (1%)\< 0.001   ECMO3 (0.2%)2 (6%)1 (0.1%)0.002Surgical intervention   Tracheostomy7 (0.5%)5 (16%)2 (0.2%)\< 0.001   Gastrostomy1 (0.1%)1 (3%)00.02Complication and outcome   CRBSI6 (0.5%)4 (13%)2 (0.2%)0.33^\*^   VAP8 (1%)6 (19%)2 (0.2%)0.005^\*^   CAUTI11 (1%)6 (19%)5 (0.4%)0.048^\*^   CPR in the ICU4 (0.3%)04 (0.3%)0.52^\*^   Mortality17 (1.2%)3 (9%)14 (1%)--PLS, prolonged length of stay; *n*, number; *P* value, probability of finding; CV, central venous; MV, mechanical ventilation; RRT, renal replacement therapy; ECMO, extracorporeal membrane oxygenation; CRBSI, catheter-related bloodstream infection; VAP, ventilator-associated pneumonia; CAUTI, catheter-associated urinary tract infection; CPR, cardiopulmonary resuscitation; ICU, intensive care unitValues provided as numbers (percentages) for categorical variables^\*^*P* values for time-dependent variables calculated using log-rank testFig. 2Frequencies of device, treatment, and surgical intervention usage among patients stratified by length of stay. The frequencies of utilization in categories such as arterial line, central venous line, Foley catheter, vasoactive drug, and mechanical ventilation increased as the length of stay was prolonged (**a**). However, RRT, ECMO, tracheostomy, and gastrostomy were predominantly applied to patients with a length of stay ≥ 14 days (**b**). A line, arterial line; CV line, central venous line; MV, mechanical ventilation; RRT, renal replacement therapy; ECMO, extracorporeal membrane oxygenation. Foley\*: Foley catheterFig. 3Mean length of stay according to PIM-2 (pediatric risk of mortality) category. A positive correlation was observed between a PIM-2 of 0--6% and the length of stay, whereas the length of stay decreased at higher PIM-2 values

Discussion {#Sec8}
==========

In this study of \> 1300 patients admitted to a single PICU for diverse reasons, we demonstrated the significant effects of long-stay patients on PICU bed utilization and resource consumption and revealed the factors associated with a PLS in this population. Notably, although only 2.4% of patients had an LOS ≥ 28 days, this group accounted for 33% of all PICU bed days during the study period. Additionally, approximately half of all PICU bed days were used by the 5.9% of patients with an LOS \> 14 days.

Although a longitudinal study conducted in Australia reported a PLS prevalence of 1% in PICU settings, this prevalence had increased three-fold during the study period 1989--2008, suggesting an alarming increase in this patient population (Namachivayam et al. [@CR15]). In other studies published between 2009 and 2011, the prevalence of patients with PICU LOS ≥ 28 days ranged from 3.1% to 4.4% (Conlon et al. [@CR3]; Gonzalez-Cortes et al. [@CR7]; Naghib et al. [@CR14]). We noted in our study that the prevalence of PLS remained substantial despite our efforts to reduce LOS by providing fast-track care. These findings from our own and previous studies indicate that long-stay patients may present challenges that cannot be alleviated by such a practice, which might suggest the need for further efforts to reduce LOS by implementing quality improvement programs such as the Awakening and Breathing Coordination, Delirium Monitoring/Management, and Early Exercise/Mobility (ABCDE) bundle (Balas et al. [@CR1]; McWilliams et al. [@CR12]). However, the efficacy of such programs will need to be determined in future studies.

In our study, age was identified as an influential factor regarding PLS, consistent with previous studies. Patients requiring medical or surgical treatments during the early stage of life may be more likely to suffer from severe diseases and comorbidities (Pollack et al. [@CR16]; Marcin et al. [@CR11]). In addition, young children often require prolonged recovery time (Mori et al. [@CR13]). We further observed that patients with a PLS were commonly admitted with cardiorespiratory dysfunction and post-cardiopulmonary arrest. Patients with organ dysfunction may be critically ill, and the required advanced treatments could lead to a PLS (Pollack et al. [@CR16]). We also found that postsurgical cardiac patients were at risk of a PLS, although two thirds of cardiac patients \> 1 year old had been extubated in the OR. Although it remains controversial whether cardiac patients are at risk of PLS, two studies reported a particularly high likelihood of PLS among neonates who underwent cardiac surgery (Mori et al. [@CR13]; Namachivayam et al. [@CR15]). Our results might also be explained by the fact that 20% of children in our study who underwent cardiac surgery were \< 1 month old.

Regarding the origin of admission, we found that patients transferred from other hospitals had a high likelihood of PLS, consistent with previous research (Straney et al. [@CR23]). We note that in our study, half of the referred patients presented with dysfunction in at least one organ, and some required RRT and ECMO. However, since patient transportation also appears to correlate with other patient-related risk factors for PLS, we cannot conclude whether such transfer is an intrinsically influential factor. We further note that admission from another ward was not significantly associated with PLS in our study. However, the limited number of patients in this category might have attenuated a potential association between this type of admission and PLS. Therefore, we cannot draw a conclusion about this link at present.

Consistent with our findings, reports in the literature have demonstrated the association between the Pediatric Risk of Mortality (PRISM) score and LOS, except among patients with a PRISM score of \> 33 (Marcin et al. [@CR11]; Pollack et al. [@CR16]). As in our study, previous studies have also identified PLS linkage with other factors, such as emergent admission, comorbidities, high PCPC, dependency on tube feeding, and MV within the first hour of admission (Straney et al. [@CR23]; Marcin et al. [@CR11]; Pollack et al. [@CR16]; Fiser et al. [@CR6]). However, the lack of a correlation between dependency on chronic respiratory support and PLS in our study contradicts the identification of such dependency as a risk factor for PLS in a previous study (Marcin et al. [@CR11]). This discrepancy may be attributed to the low threshold of ICU admission for those with underlying respiratory diseases, with such patients being admitted to the ICU with relatively less severe respiratory dysfunction.

Regarding device usage, we found that most devices included in our analysis were commonly applied to patients with a PLS. Specifically, our descriptive analyses revealed an increasing trend between a longer LOS and the frequency of use of devices such as an arterial line, Foley catheter, central venous line, vasoactive drug, or MV. We further observed that ECMO, RRT, tracheostomy, and gastrostomy were mostly applied to patients with an LOS ≥ 14 days, suggesting that these patients may have a different clinical course relative to those with an LOS \< 14 days. Future studies should determine whether 14 or 28 days is a reasonable definition of a PLS.

We further found that VAP and CAUTI, but not CRBSI, were associated with PLS. Although previous studies have reported that patients who developed nosocomial infections have relatively longer ICU LOS (Barnett et al. [@CR2]; Karvouniaris et al. [@CR9]), few have compared the incidence of nosocomial infections between PLS and non-PLS patients. Therefore, our finding suggests the need for further research to avoid infectious complications among long-stay patients.

Limitations {#Sec9}
-----------

Our study had several limitations of note. First, it was conducted at a single institution, which may limit the generalizability of our findings to other institutions. However, a contemporary multicenter study conducted in the USA reported a PLS prevalence of 2.3%, which is strikingly similar to our finding (Pollack et al. [@CR16]). Therefore, we believe that our findings may provide a reasonable approximation for settings in developed countries. Second, the limited sample size underpowered our risk factor analysis. As we expected limited cases with PLS a priori, we decided to focus on descriptive rather than multivariable analysis. Consequently, we could not draw conclusions regarding the correlations and modifications among the possible risk factors for PLS. Third, the study outcomes may have been influenced by institutional practice and physician' preferences, given the considerable variability in decisions regarding discharge from the PICU. As with previous studies, we could not identify the criteria determining admission to and discharge from the PICU. Future studies are needed to determine the indications for a PICU stay.

Conclusions {#Sec10}
===========

This study found that long-stay patients disproportionately utilize the PICU and intensive care resources. Furthermore, we identified age \< 1 year, cardiorespiratory dysfunction, post-surgical cardiac patient status, and transfer from another hospital as possible risk factors for a PLS. So-called "complicated" patients are those at risk of a PSL in a tertiary intensive care unit. Our findings warrant further studies in tertiary centers, with the aim of reducing institutional and patient-related issues in the affected population.

Appendix {#Sec11}
========

Fig. 4Percentages of patients in five length-of-stay categories, stratified by age. Neonates comprised a considerable proportion of patients with a prolonged length of stay, whereas only a few pre-school and school-aged patients had stays \> 14 days

Fig. 5Percentages of patients in five length-of-stay categories, stratified by admission category. Patients admitted for respiratory or cardiovascular dysfunction, post-cardiac arrest, and cardiac surgery had substantially longer lengths of stay than non-cardiac surgical patients. PCAS, post-cardiopulmonary arrest

Fig. 6Percentages of patients in five length-of-stay categories, stratified by origin of admission. Although the majority of patients admitted from the operation room and emergency room stayed for \< 7 days, a considerable percentage of patients transferred from other hospitals and wards stayed for ≥ 14 days. ER, emergency room; OR, operation room

**Publisher's note**

Springer Nature remains neutral with regard to jurisdictional claims in published maps and institutional affiliations.

All authors contributed to the research concept/idea/design, data collection, writing, and data analysis. Dr. Shinya provided project management and data management.

This study was supported by the Saitama Children's Medical Center Research Fund. This research is funded by Saitama Children's Medical Center research fund. Funding was only used to support submission and publication. All authors report no other potentially relevant conflicts of interest.

The authors declare that they have no conflict of interest.

This study was approved by the institutional review board (IRB) at the Saitama Children's Medical Center, and the need for informed consent was waived. This study was performed in accordance with the Declaration of Helsinki.
